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FROM BARE INYARKE-MANIFOLD THERMOCOUPLES

By H. Jack White and Goldle L. Gommon

SUMMARY

A relatively simple equztion has been found to express, with
fair accuracy, variatioun In amanifoli-charse touwtsrature witq change
in enyinse operatiug coniitions. This equacvion a.ud associated curves
have been checked by mulbicrlinder-ongine datc, both test stand and
fllgat, over a wide range o. operating conditions.

Avernge mxture temperatures, miedacted by the equations of this
report, agree ireagonably well witn results wiikin tLe scme range of
carburetor-air teuperelures from laboratories and itest stends other
than tie NACA.

INTRODUCTION

This paner is inhended to demonstrate the degree vo which
mixture-temperature data nay be reduced to elgebrrnlc terms and
correlated in terms of the several pertinent eng ne-operating end
deslgn varlables. The Information presented here.n wes obtalned
in the muliticylinder-ongine vhase of the triptane end high-
performance fuel evaluation program, requested by the Alr Technical
Service Command, Army A.r Forces. Much of the data included hersin
have been presented in d.fferent form in earlier reports (refer-
ences 1, 2, and 3). In reference 2, a brief analysis of the
nix,ture-temperaiure corrulation was made. The presont report
extends the correleation to several other engines and includes date
obtained over a wider range of condltions.
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Reduction of mixture-temporature data to an alzebraic relation
is of iuterest for seveiral remsons. Manllold-chavge Llempsratures
are of Imgoitaice in engine-cooling studies as well as in tle corre-
latlon of fuel knock-limit data foi» both single-cylinder and milti-
cylinder test enplnes. The predictlon of average mixture temperature
at any operating condition permite fuel knocl: Limits Lo bs estlmnted
from a m!nimun amcunt of test date, thereby pormltilng the el.mination
of a great volume of experimeutal testing. Thla method of analyals
furthermore leuds itsell tu various engines and may be used to advan-
tege in comparin; diifcrout englnes ag to the.r 1elallve sever.ty
upon fnels inasmuch as mixtwie ilenperature is suci en irmortant
variable iu fucl lnock character’stics. Matehing of multicylinder
knock~test condltons by siugle-cyl nder euzinea i1s groaciy fac.l:leted
by an accurate evalaat.un of wixtvve temmeralurus Foir both.

APPARATUS AND INSURUMLNTATTON

The four double-row rad:el air-coolei ennines .avesh. gated -n these
tosts were ail R-1830-75 (ewiue A) inslalled n a fows-e.dy,Lae burnber,
an R-1830~u4 (enzine B) :nstalled n a test sleal and lcacsd by & nro-
peller, en R-1830-5i (angine C) _-ustalied :n a four-o., -ne bowber, and
an R-1830-Y0C (eupine D) .nstalled "n a [our-ens.ne bouwber.

Manifold-w. xiure towreiaiures were measured Iu ail nuwake PIipes
by bare Z24-_,ase iron-coustantan thermecouples. These therwmocuvunlaa
were located equidistant (Yor front-row and rear-rov cylinders) from
the supercherszer outlet. DNetails of the Installation are siwn in
fimue 1. Carburetor-air temvera.ures wers obtainea by LLeraccouples
aivtached {(f1g. 2) to the carburetor screen direcily over the veuluris.
(See aprendix of refereuce 4.)

Other measurewsuts necessary for the correlatisn of mixturo tom-
poratures were fuel-air ratio (requiring fuel flow and air fluw) aud
engine eneed. Values of fuel fluw weroe obuvai.ed by borh a rotameter
and a reacilon-tynre “lowmeter For the three flight enginos and by a
rotameter for tie test-stand cngine. Alr rlow was deterwirwed in flight
frum carburctor-meteiing-picszure data, suppiemented by air-box cal:-
bration curves, and iror the test stand by a standard €-.nch flat-plate
orifice i1nstalled accomiing to A.S.M.XE. lecommondations In a 20-inch-
dlameter dusct upstream of the cerburetor. IEngins speed was obta:ned
from electric tachometers in all casoe.
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FOIMULATION OF MITIURE-TEMPERATURE EQUATION

A varilel derivation of the equatlon uscd in the annlysis of
mixture ~-temperature data .fullows. The symbols to be used are:

Ty  Donifold-mixture temperature, (°F)
Te carburetor-elr temperavire (screen thermocousle), (OF)
ATy temperature rise across supercharger, (°F)

AT temperature drov dus to fuel vaporization, (°F)

V' blower tip speed, (I1/snc)

vy blower t.p spocd, (f;/m;n)

J mechen’ical equiveleat of huat, (#t-it{force)/Btu)

c svecific heat cf nir ab consisuc presemre, (Blu/(1b)(°1))

accelerntion due to pravity, (tt,'zec?)
consiant

9,4 DPressure cocfrcient of su_erclarger

adiabatic temmeralurc-r.se ratic of supevrchaiicr

el ine svesd, (rom)

impeller gear ratio

=TH -« B

impeliler dlaweier, (in,)

F/A fuel-air ratio

L average latent heat cf aviction fasoline, (Btu/lb)

Cp averege svecific Leai i aviation gasoline, (Ttu/(1b)(°F))

The meniiold-m:xture tenwerslure is avsnwed egual to tLe sum
of the carburetor-a.r temperatuce plus the teuperaturv rice due to
compresslion in the supercioerger lese the temrerature lrop dne to
fuel varorizati.-n. In Jigure 3 .8 showm a schematic cross section
throngh a typical e r-cooled engine induciion system. Tihe arrango-
mont of the thermocourles typifles that of the doublu-row radial
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alr-conled ensines discvssed herein. The tremds in "dry" end "wet"
charge temweratures shown et the ton of thls sketch are considered
representative of the general variation in temperaturve to be expected
through an induction system of tuie type. Tuws,

T, = T, + AT_ - AT (1)

From a Tamillar equucion given in a nuubsr or onglneering texts

AT = F Y2 _ (2)
8 JcCh &
If J 18 778, Cp is 0.243, anl g 18 32.2, equation (2) becomes
2
v
ATy = K &p (3)

The factor K 1in equatioa (3) may be ovaluated in terms of the
physical claracteristics of the actunl lupellcer end diffusor. Thus,

An average ratio of 0.30 has been {fount experimerntally to be reure-
sentatlive of sujnerchargcra for this iLyne of cngine; thererors

AT _Y?_ 0.90

8 609
AT = 1.46 x 107 ¥ (¢)
However, blower tin speed V = Eé%éigﬁ}il

For enzires A, B, and ¢ with ‘mpeliers of 11.3-inch dlamelers and at
low impeller gear ratio (7.15:1), equation (4) way be exrvascd

. =5 .32
ATy = 1.83 x 10 X (5)
at high impeller goar ratio (£.47:1) cguation (5) becomes
ATy = 2.56 x 107 N (6)

It shoull be npointed out that for vngiie D wth en Jmpcller of 11.0-
1uch diameter bolh equations (5) aud (5) will be sligktly d.fFPerent.
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The temmerature drop due to fuel veporlzetloa for charge thermo-
couples, as installoed in these enginas, has been found empirically to
be approximated by .

AT = 390 F/A (7)

Expression (7) differs conslderably from e longer form, which
may express thls temparature drop more precigsely as follows:

ATy = F/A

f +cp F/A
This expression is often shortencd (by elimination of cp X F/A) to

AT, = S F/p
»

or anorox.mately

AT = 530 F/A for an AN-F-23 fueol (72)
Equation (7a) diffors #rom (7) ouly in tnc mega’tude of the prouvor-
tlonality coastant. This aifierenrce moy be the efifect ol ouly
partial vaporization of tuno fuel in the iutake meni’oils up to the
point wiere tue thermoccunles are located, as showw 1n [lgnre 3.
The difrfervncu buiween equaticoms (7) and (7a) wey also avise from
the fact thebt the cooling cffect of fucl varTor:zstion during com-
pression in tho supeichargey was not cons.dered linasmuch as ATv

was agsun=zd to talw nlace ludepurndenlly of tho cumpressin nrozcss.

Flnally, the generul forw of the equation may be wratton,

making use of expression (4), .
T, = Tg + 1.48 x 10™% v2 - 330 F/A : (8)
or
Ty = To + 4.1 X 1078 7,2 - 390 F/A.

For specific application to engines A, B, and C this equation
becomes

. Low blower:

M = T + 1.83 x W3 #2 . 390 F/A
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High blower: (engines B and C only)
To=T, +2.58 x 10° &% - 390 7/a

Tne curves In figure 4 are vrosented es a demorsilratloa ol the
application of such equetions. With thease reiatione it becomes
noss_tle to dutermine vith ease the averuge oporabing mixture teompeor-
ature for a wide range of engine condit.ons.

PESULTS AND DiSCUSSION

The equatious and curves Just resented lhave bheen cliecked by
8 lerge ewmount of data from tlLe four mlticyliuder enslnes enumer-
ated provious.y. The mixture -teumeratvze cate of this report cover
a wide range of all engine variables excest cerovrotor-alr tempere -
ture. The var.ation in cerbure’cr-alr teurerature ls beiweesn epprox-
imately 60° and 105° F.

Data that have beouon utilized Ior this corrolation ere zctually
faired cveragws of a laige eucunt of var.eblu fnel-eir-ratio runs
mede during tho conduct of facl mock tesus witia theso engines.
Roferences 1, 2, arl 3 jresent tho orig.xnal vlots of tock data,
inclnding the vairiables of averago mixture tewmwersetire and carburetor-
air tempsraturc clirongl wihnicn mean curves or iirus lisvo becon fa.red.
Po_nts plotted in this ieport arn ilioec obtained by cross-plotbiog
such curves as arc sven in referoncus 1 to 3 at sevoral fized fucl-
a r ratfos, ranging Ifrom 0.06 to 0.10. This procedurc elim natcs
the smell cylindvr-~to-cylinder suread in temperaturos, which con-
sistod of an averago doviation of anproximutuly £1° F and a maximm
devietion ueually of about £3° F. Figure 5 1s includod to show
tyvicel mixture-tempcrature distribution patterns for these ungines.

Tho correlotod. wixtvre-tempeoraturs date for tae four engines aie
shown in figure 8. Tre ranges of engluc cenc.tlons ere shown in the
koy to this flguro. Tae scattor of these date 1s genwrally within
a band of 10° F. The range in mixtuve temperuture (from approximeiel/
120° 4o 280° F) reproserts veriation in eagine conditions from 1800
rom, low blower at 90° F carbureior-sir temp.raturv, to 26800 rpm,
high blower at 10U° # carburelor-air tumperature.

It is of inverest to comnare the correlation squation deter-
mined in thls renort with dava from outsiduv sources. Towerd this
end, figure 7 1s included to show thu degree of similarit, betwsen
this corrvelation and that presented in rovferonce S. The dashcd ]
curve (without data polats) is thet for a carburetor-sir temrerature
of 100° F and a fuel-air ratio of 0.05 obtained from the oquation
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reported herein. Tle differvnce batweuen the two curves 1s seen to
be approximately 2° F et the higzh-temperaturo end (280° F) and 15° F
.at the low-temperature end (120° F). The curve from referounce.5
wes found to fit thoe experimental date with'a Hean deviation of
+6.69F, This cusve cen be roughly aporoximated by the following
bquation:

= 0.7 Tg + 3.7 x 208 7,2 = 600 P/A + 60 (9)

When equation (9) 1g compared. wilh equation (8) it 1s seen that the
first two terms after the equal éign erd different 1n magnitude but
are dimunsionelly and oxponeatially elike. The chiof differcnces

to be discvrned. are the variation In effect of carburetor-air tem-~
nerature, tho magniiude of Lempuraturs drop due tuv fuel varorizat.on,
and tho finel conslant. As vrevionely mentionod, the offect of
carburetor-air temporature was et nvestigated over a very wilde
rangc for the tests in the piwsonbt repors; consequently it is not
fult that this term in tho egqua.ica fg as cortaln over as wide a
range of varletion as are tho cthers. .

A better aepnroximation to tuc coriclatbion curvo for tho data
from roferonce 5 (f1g. 7) was obtaincd by thou use of tho equation

= 0.7 T, + 5.0 x 10710 vl 37 _ 600 F/A + 70 (10)
Equation (10) Tits tle curvc showm from referunce 5 with a mean
deviation of approxiwatoly +1° F ogor the total ranguv of thu curve,

whereas equation (9) (involviug V1“) has a moan doviation of apurox-
mately-*5° F.

SUMMARY OF RESULTS °
The followlng results were §b$gided from a large-amount of
mixture response fuel knock data from fowr double=row radial alr-
cooled engines:

. " 1. Average engine mixture temperatures'werb corralated by the
general equation ;

T, = T, + 1.48 x 104 Ve - 390 F/A -
where

Ty manifold-mixture jemperﬁtura, (oF)
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T, carburetor-air temperature (screen thermocouple), (°F)
Vv  blower tip ape.ed, (ft/sec)
F/A fuel-air ratio
2. For the engines A, B, and C, this equation can be written
Low blower:
T =T, +1.85 x 10 §2 - 390 F/a

where N 18 engine speed in revolutions per minute.

High blower:

T, = T, + 2.58 X 10~° N2 - 390 F/A

3. The mixture-temperature correlation equations obtained in

this work agree falrly well wlth the correlation data reported by
an outslde source.

Aircraft Englne Research ILaboratory,

Batlional Advisory Committee for Aeromautics,
Cleveland, Ohilo.
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Figure 3. - Schematic section of a typical radial-engine
induction system,
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